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EFFECT OF THE SIX ENGINE AIR BREATHING 
PROPULSION SYSTEM ON SPACE SHUTTLE 
ORBITER SUBSONIC AND TRANSONIC STABILITY 
AND CONTROL CHARACTERISTICS 
(OA91 ) 

By 

H. C. Smith 
Rockwell International 


ABSTRACT 


Experimental aerodynamic investigations were conducted on a 0.015 
scale representation (Model 42-0) of the VL70-000139B space shuttle orbi- 
ter configuration in the Rockwell International Trisonic Wind Tunnel from 
October 26, 1973 to November 1, 1973. The test objective was to deter- 
mine the effect of three air breathing propulsion system ferry/flight 
test configurations on the transonic drag rise, the eleven effectiveness, 
the longitudinal stability, and the lateral -directional stability of the 
-il39B shuttle orbiter. 

The model was sting mounted on a Task 1.5 inch ihtemal strain page 
balance, and six-component aerodynamic force and moment data were recorded 
over an angle of attack range of -3® to 14® at Mach numbers of 0.5, 0.6, 
0.7, 0.8, and 0.9 with a Reynolds number of 6.4 x 10^/ft. Data were also 
recorded at a sideslip angle of five degrees. 

Rakes with five total pressure probes each were installed at the 
exit in three ducts of the forward pylon mounted nacelles. The ducts were 
thoroughly cleaned after the first four blows to determine the effwt of • 
foreign material that was adhering to the inner surfaces. Force data 
taken with the rakes installed are not presented. 

Base and balance chamber pressures were measured and used to correct 
axial force. The data were also corrected for estimated duct internal 
chord force and its effective pitching moment. 

The body flap was deflected -11.7® during the entire test, and data 
were recorded at elevon deflections of 0®, +10®, and -10®^ 
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NDEX OF DATA FIGURES (Concluded) 





N0MJ2ICLATURE 

General 


SYMBOL 

a 

Cp 

M 

P 

q 

rn/l 

V 

a 

4 > 

P 


Ab 

b 

c,g. 

^REF 

c 


SADSAC 

SYMBOL 

DEFINITION 

CP 

speed of sound; m/sec, ft/sec 
pressure coefficient; (p^^ - p<o)/q 

MACH 

Mach number; V/a 

Q(NSM) 

pressure; N/m^, psf 

dynamic pressure; N/m^, psf 

Q(PSF) 

rh/l 

unit Reynolds number; per m, per ft 

ALPHA 

velocity; m/sec, ft/sec 
angle of attack, degrees 

BETA 

angle of sideslip, degrees 

PSI 

angle of yav, degrees 

PHI 

angle of roll, degrees 


mass density; kg/m^, slugs/ft^ 


Reference & Definitions 
base area; ft2 


BREF 

wing span or reference span; m, ft 
center of gravity 

LREF 

reference length or wing mean 
aerodynamic chord; m, ft 

SREF 

wing area or reference area; ft 

MRP 

moment reference point 

XMRP 

moment reference point on X axis 

IMRP 

moment reference point on Y axis 

ZMRP 

moment reference point on 2 axis 


SUBSCRIPTS 

b 

1 

'j 

t 


base 

local 

static conditions 
total ^.’onditions 
free stream 
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NCMENCUTLTRE (Contlr.uf i) 




Boay -/jci j OyoteUi 

S'imrtL 

SABSAr 

SYMBOL 

DEFirn:TTON 


CK 

norm‘=il“"orc^; coefficient ; force 

qS 

. 

CA 

-JXi:.l-f0fC'0 .'oeffioi-nt; J- 

qS 


CY 

n Ide -for ce coel'f i r'i '^n t ; f ^ 

qS 


CAB 

1 JL' coefficient; 

qS 

-'^b(Pb ■ Px'/'l'^ 

Af 

CAF 

forebody axial force coefficient, 

' rn 

CIM 

T)i t chi nf -moment coefficient: pitching mooent 

Cn 

CYN 

yavlng-momL^nt rronffi Ment.j “moment 

qSb 


CBL 

rolling-Tnotnenf, .’nef'-fl nlerrh; rolling moment 

qSb 



Stebllity-Axir> Syotem 


CL 

lift coefficient; 

qS 

‘-D 

CD 

drag coefficient; 

qS 


CDB 

base-drag eof-^ff 1 el pnt; 

qs 

% 

CDF 

forebody drag coefficient; 


r-Y 

side-force t'oef f 1 olent.j 

qS 


Cli^ 

pitching-moment coefficient; 

^’n 

CLIJ 

V IV 1 n .<i;-momen t rnef -PI oi pnt ; V'^ 

qSb 

t'£ 

CSL 

rolling-mo*nent coefficient; moment 

l/h 

L/i) 

lift-to-drn(' r'ltio; Cj/Cp 

L/IV 

L/l)F 

lift to forcbody drag ratio; Cj/Cjjj, 


*• 
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NOMENCLATURE (Concluded) 
ADDITIONS TO STANDARD NOMENCLATURE 


SADSAC 


SYMBOL 

SYMBOL 

DEFINITION 

Abe 

ABC 

2 

balance cavity area, ft 

Abp Ab2.— 

-Abg 

base area at station 1, 2,— -6, respective!; 

^Abc 


balance cavity axial force coefficient 

%t. 

CABT 

total base axial force coefficient 

CAsf 


nacelle Internal duct axial force correction 

CAt 


weight tare axial force coeffic,ient 

% 


•' balance measured axial force coefficient 

Citiu 


balance measured pitching moment coefficient 



pitching moment coefficient due to nacelle 
Internal duct axial force 

^Pbe 


balance cavity pressure coefficient 

^Pbr ^Pb2* 

■■‘^Pb6 

base pressure coefficient at station 1, 2,— 
respectively 

•-B 


body length. In. 

Lf/Df 

LF/DF 

forebody lift to drag ratio 

Ps 


freestream static pressure, psia 

Pt/Pt 

PTI/PT 

nacelle to freestream total pressure ratio at 
station 1,1 = 1, 2,™ !5 

P- 


pressure at station x, psia 

Xcp/t 

XCP/L 

longitudinal center of pressure location, 
fraction of body length 


ELEVON 

eleven, surface deflection angle, positive 
deflection, trailing edge down; degrees 


BFLAP 

flap, surface deflection angle, positive 
deflection, trailing edge down; degrees 

6f 

RUDDER 

rudder, surface deflection angle, positive 
deflection trailing edge to the left; degrees 

^Lf 

CLF 

forebody lift coefficient 
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CONFIGURATIONS INVESTIGATED 


The model used for this test period was a 0.015 scale representation 
of the VL70-000139B Space Shuttle Orbiter configuration. The basic model 
was of the blended wing-body design utilizing a double delta wing 
(75V45® ALE)t full span elevens (unswept hingelines), a centerline ver- 
tical tail with rudder and speed brake capability, a body flap, and a 
canopy. 

Three double ^ir breathing propulsion system nacelles were mounted 
under the wings anu fuselage in three different configurations. Two of 
these configurations utilized pylons with the wing mounted nacelles at 
two locations, and the third configuration consisted of flush mounted 
nacelles. 

The model was constructed around an Armco 17-4 steel balance block 
sleeved to accept the 1.5 inch Task MK XXIIA internal force balance. All 
model body mold lines, fairings, wings, etc. attached directly to the 
balance block. 

• 

The six base pressure tubes were attached to the sting and terminated 
approximately 1/16 inch from the base of the model. The balance chamber 
pressure tube was also attached to the sting and extended into the rear 
of the model to the aft end of the balance. The other end of these tubes 
were routed to transducers in the sector pit. 

During seven blows, total pressures were measured in the two ducts 
of the left hand underwing nacelle and in the left hand duct of the fuse- 
lage mounteci nacelle by means of a rake that attached to the rear of the 
model. The total pressure probes extended into the duct exits a distance 
of 0.3 in The location and probe number is shown in figure 2. 

The following nomenclature was used to designate the various model 
components: 

Symbol Description 

Bi 9 Basic fuselage built to orbiter configuration VL70-0001396 

C 7 Basic configuration 3A canopy built to drawing lines 

VL70-000139B 

E23 Elevens that provide a forward sweep trailing edge on the 

basic U^o7 ^^9 (VL70-000139B) 

F 5 Basic configuration 3A body flap ( VL 70-0001 39B) 
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CONFIGURATIONS INVESTIGATED (Concluded) 


Description 

Three standard configuration double ABPS nacelles 
(VL73-000060) 

Same as J59 except with the underwing nacelles moved 
aft from X© = 950 to X© “ 1050 (full scale) 

Same as J 59 except without pylons and with the underwlng 
nacelles moved aft to Xg = 1100 (full scale) 

Basic configuration 3A rudder (VL70-000139B) 

Basic configuration 3A vertical tail (VL70-000139B) 

Basic configuration 3 A wing with incidence angle 0.5", 
built to drawing lines VL70-000139b. 

Boundary layer transition strip 
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Symbol 

*^59 

J60 

^61 

R5 

V7 

Wl07 

X20 



TEST FACILITY DESCRIPTION 


The Rockwell International Tri sonic' Wind Tunnel is an intermittent 
blow down facility with a 7' x 7* tandem test section capable of testing 
force, duct, pressure, and flutter models at Mach numbers from 0.1 to 3.5. 

Two synchronous motor-driven centrifugal compressors, operating in 
series, supply dry air at a rate of 40 Ib/sec. to eight storage spheres 
having a total volume of 214,000 cu. ft.. The air is dried to a moisture 
content of 0.001 lb. or less of water per lb. of dry air (approx. -35°F 
dew-point) and stored at a pressure of ten atmospheres. Flow from the 
air storage spheres is regulated by a servo controlled valve. The eight 
foot diameter valve opens within two seconds to control and stabilize the 
settling chamber at a preselected pressure. 

Downstream of the settling chamoer is a fixed nozzle which provides 
a transition from the circular cross-section of the settling chamber to 
the rectangular cross-section of the variable nozzle. Two seven foot 
wide steel plates, supported between parallel walls by hydraulic jacks, 
form the floor and ceiling of the flexible nozzle section. Changes in 
nozzle contours to produce variations in Mach number are accomplished by 
means of these jacks and require 30 to 50 minutes to complete. 

Two test sections, for supersonic, transonic, and subsonic testing 
are 7 ft. wide by 7 ft. high and are permanently installed in a tandem 
arrangement. The standard supersonic test section (for testing at Mach 
numbers greater than 1.3) is in the downstream end of the flexible nozzle. 
The test section for subsonic and transonic operation is located down- 
stream in the porous wall area. An access door to the test area is lo- 
cated in the variable diffuser. 

The variable diffuser downstream of the porous wall area may be 
adjusted to provide subsonic Mach number control , to generate transonic 
Mach numbers, and to minimize start time for supersonic testing with 
models having high tunnel blockage. 

An equivalent 5° conical expansion angle is provided in a fixed 
diffuser which completes the basic tunnel circuit. Downstream of the 
diffuser is a sound abatement muffler building wltcre the air is exhausted 
to the atmosphere. 
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DATA REDUCTION 


The aerodynamic force and n^ment data presented were measured with 
the Task Corporation 1.5 inch MK XXII A internal strain gage balance. 

The data have been corrected for base and balance chamber pressure effects, 
duct internal chord force and its associated pitching moment, subsonic 
and transonic wall interference effects, sting and balance deflections, 
and model weight tare. 

The corrections to the axial force were made in the following 
manner: 

Ca = Cftu ■ ^Asf • *^At 

where CAjf = duct internal chord force given at the end 

of this section 

and Ca^ = model axial force weight tare 

CAf “ ^A ~ ^A|j^ 
where CA^t = Ca^ + CAbc 

and CA|jg = "^Pbc 

'* ■^^Pb/bi'^Cp|^^Ab2+Cpjj^A53+Cpjj^Ab^+Cpj^^Abg+Cpj^^A|,g)/S 

Cp “ (Pj^ ” P«o)/9 

The nacelle rake pressures are called P^-j, Pt 2 * etc. but are actually 
computed as a ratio to tunnel total pressure - Pti/Pt* Pt 2 /*^t» Pt 3 /Pt» etc. 

The correction to pitching moment due to the duct internal chord 
force was made as follows: 

Cm ‘ \ ‘ 

where Cmsf Is given below with CA^f as a function of Mach number and 
nacelle configuration. 






DATA REDUCTION (Conti nuPd) 



‘^59 ^ '^eo 

'^61 


MACH 

%f Sf 


^sf 

0.5 

0.002345 -.000779 


-.000703 

0.6 

0.002320 -.000771 

Same 

-.000696 

0.7 

0.8 

0.002295 -.000763 

0.002246 -.000746 

as 

J 59 & ^60 

-.000688 

-.000673 

0.9 

0.002221 -.000738 


-.000666 

The following reference dimensions were used for reducing the 
aerodynamic data to coefficient form: 

Symbol 

Definition 


Value 

Abi 

Base area for Pb^, 

ft? 

0.00856 

Ab2 

Base cirea for Pb 2 » 

ft? 

0.00840 

Aba 

Base area for Pba* 

ft? 

0.00868 

Ab4 

Base area for Pb 4 » 

ft? 

0.00347 

s 

Base area for Pbj, 

ft? 

0.00875 


Base area for Pb^» 

ft? 

0.00837 

Abe 

O 

Area of balance cavity, ftT 

0.03472 

b 

Wing span, In. 


14.0502 

c 

Wing MAC, In. 


7.1222 

Lb 

Length of model body. In. 

19.3545 

s 

Wing area, ft? 


0.6053 

XMRP 

Reference center of grevlty* sta. 

Reference center of gravity. In. aft 
of nose 

16.1471 

12.5771 

YMRP 

Reference center of gravity, buttock 
plane 

O.OQOO 

ZMRP 

Reference center of grevlt)!, waterplane 

5.625 
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TEST : 0A91 


TEST CONDITIONS 


MACH NUmER 


REYNOLDS NUMBER 
(pcf unit length) 


DYNAMIC PRESSURE 
(p«inds/sq. ft) 


0.50 

6.4 X lOVft. 

0.60 

6.4 X lOVft. 

0.70 

6.4 X lOVft. 

0.80 

6.4 X loVn. 

0.90 

6.4 X lOVft. 



BALANCE UTILIZED; Task 1.5" MK XXI I A 

CAPACITY: 

.r 2000 1b. 



4;.UUU lUn 

SF 1000 1b. 

AF 600 1b. 

PM 

DU 1600 In. 1b. 


COMMENTS: 



ACCURACY 

t .25% 
t .2S% 

± .25% 

t .25* 
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TABLE III 

MODEL DIMENSIONAL DATA 


MODEL COi'PONENT: BODY - =’9 


GENERAL DE5CRIRTICN: Fusel;. ^ e, Ccnfif-uj-Ltic:; 3, per rockwvll 

VL70-C001393. 


JICTi'; c;0 tc (.-xcott. fcre'r.c'.'y. 

Model Sctlc* =•• C.015 


DRAWING Nir.EER: 


VL70-0001393 


DIMENSIONS ; 


FULL- SCALE 


MODEL SCALE 


Lencjth - in. 

Max. Width - in. 

Max. Depth - IN. 

Fitiencss Ratio 
Area - f?2 , 

Mr.);. Cross-Sectional 
Plcnfonn 


1P90.3 

gC7.6 

U.m i5 


3C6.67 


19.35 


4.014 0 

3.660 


0.067 


Wet tea 



t 

TABLE 111. MODEL DIMENSIONAL DATA (Continued) 
MODEL COMPONENT* Canopy - C7 ’ 


I } 


GENERAL DESCRIPTION: Conflgtiratlon 3 per Rockwell Unes VL70-(XX)139 


Model Scale “ 0.01$ 


DRAWING NUMBER 
DIMENSION: 


. VL70-0Q0139 


FULL SCALE 


Ur^fh (Xo - A33 to Xo - 67 O) - in. FS _ 
Mok Width _ 

Mox Depth (Z^ - to » $Ql) - in 
Fineneu Ratio ^ 

Areo 

Mox Cross-Sectionol 
Plonlorm . 

Wetted _ 

Bote 


237 


MODEL SCALE 


3.535 


16 


O. 
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TABLE IT I (Continued) 


l-iODEL COMPO.'.'tNT; EL-.VCi'J - E?3 


GENCRAL DESCRIPTION: Cojifigiiration 3 ,-er WIO? Kockwoll Lines 


VL70-6C0139’^ data for (l) of (2) side;; 


Model Scale •- .015 


DR/'.;-T.L-G I.r'BER: 


VL70-0001391I 


DIMENSIONS: 


FULL-SCALE 


MODEL SCALE 




k 

K' 


k 

I 


r 


Area - ft2 

Span (equivalent) - I?}. 

Inb'd equivalent chord 

Cutb'd equivalent chord 

Ratio i;Ovablo surface chord/ 
tola! surface chord 

At Inb'd ccjuiv. chord 

At Outb'd equiv. chord 

Sv/cep Back Ancles, degrees 

’ Leading Edge 

Tailing Edge 

Hinge! ir:a 

Area Mon:ent (.'ormal to hinge line)- FT^ 
Product of Arsa Konent 


205.52 

1U.73 


.203 


.LOO 




o,.op_ 

-10. 2A 
0.00 
1548.07 


0.04624 


5v300l0 


1.72170 


0.0250 


.203 


.400 


0.00 


-10.24 


0.00 


0.00522 
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TABLE III (Continued) 


f 


I 

5 




I ‘ 



MODEL COMPONENT: ^5 Body Flap 




GENERAL DESCRIPTION: 


3 Configuration per P.ocK'woll Lines VI.,70-000139 



* 


Scale Model = .015 

DRAWING NUMBER 

VL70-000139 


DIMENSION: 

FULL SCALE 

MODEL SCALE 

Length - in 

84.70 

1 .2705 

Mok Width - in 

267.6 

4.0140 

Mox Depth 



Fineness Rotio 



Area - Ft^ 

Mox Cross-Scctionol 



Plonform 

142.5 

0.03207 

Wetted 



Bose 

38.095';' 

0.00857 
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TABLE III (Continued) 


MODEL CCMPONENT: AIR BREATHING PROPULGION SYSTEM (ABPS) - J59 

GENERAL DESCRIPTION: Two vlng-mounted nacelles vltta a center-mounted 

nacelle > Inlet has a short cowl, short Intcrengloe fairing, 7 ^ Inlet face 
cant and 3° outboard cluster toe-in from point of rotation. 


MODEL SCALE; 0.015 

DRAWING NUMBER: VL73-OOOO6O MOD/SS-AOII65 

DIMENSIONS: FULL SCALE MOiaa. SCALl 


Length - In. 


223.50 

_iii52 

Max. width “ In. 


132.00 

1.980 

Max. depth - In. 


66.00 

0.990 

Cross-sectional area - ft^ 




Leading edge air stagnation face 

16.490 

0.00371 

Inlet 


12,566 

0.00350 

Exit 


12.845 

0.00289 

Maximw 


23-758 . 

0.00534 

Point of Rotation for 




Right and Left 

Xq 

Yq Xq 

Xq 

Wing nacelles 

950.00 

236.866 14.250 

3.553 

Center nacelle 

950.00 

00.00 14.250 


Incidence - deg. 

+ 

f 56 ' 

.30 56* 

Right axul left wing mounted nacelles 

located 0 

.225 in MS from lover wing 

surface to top ML of nacelle. Center 

nacelle 

located 0.053 In NS from 


lover ML of fuselage to top of nacelle cowl. 


\ 
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TABLE III (Continued) 


MODEL COMPONENT: AIR BREAIBING PROPULSION SYSTEM (ABPS) J^q 

GENERAL DESCRIPTION; Same as J«;q ABPS except left and right nacelles 
moved aft 


MODEL SCALE: O.Ol^ 

DRAWING NIB4J1ER: VL73“000060 MOD/SS-AOU65 


DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Length - In. 


,. g23,:gQ,.. 

. 

Max. Width - In. 


132.00 

1.980 

Max. Depth - In. 


66.00 

_2i222 

Cross-sectional area - ft^ 




Leading edge air stagnation face 

16.490 

o-Qom 

Inlet 


12.566 

0.00350 

Exit 


12.845 

0.00289 

NaxlnuB 


a3-TSe 

0.00534 

Point of Rotation for 


3l 

A. A 

Right and left ving nacelles 


245.60 

I5.75Q 3.684 

Center nacelle 

<^y).QQ 

. ..Olfld- 

14.250 0.00 

Incidence * dag. 

t 3** 

56 * 



Right and left vlitg «ount«d aaeallaa loeii.tmd Q.flilS Inohma MB fraa lomnr «Ug 
aurface to top ML of aaoaUa. Cantar aacella loaatad 0.053 iwliaa Ml fraa lowar 
ML of fuaalaga to top of oaoalla cowl. 
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TABLE III (Continued) 

MODilL COMPON.ENT; AIR BREATHING PROPULSION SYSTEM (ABPS) - 

GEHiiRAL DESCRIPTION : Two vlng nacelles flush-mo\mted vlth a center’ nacell e 

flush-mounted to fuselage. Othervlse, same as aBPS description. 


MODEL SCALE: 0.015 

DRAWING NUMBER: VL73-000060 MOD/SS-AOII65 


DIMENSIONS: 


PULL SCALE 

MODEL SCALE 

Length - In. 


- 223-50 

, 

Max. Width In. 


132.00 

1.980 

Max. Depth - In. 


66.00 

. -P.:?gP. 

Cross-sectionalarea ft^ 




Leading edge air stagnation 

face 

16.490 

0.00371 

Inlet 


12.366 

0.00350 

Exit 


12.845 

0.00289 

Maximum 


33-758 

0.00534 

Point of Rotation for 

X 

Y 

X Y 


o_ 

0 

, 0 0 

Right and left wing nacelle 

1100 

0.0 

16.50 

Center nacelle 


0.0 

14.250 0.00 

Incidence , deg. 




Wing necelles 




Omater nacelle 
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TABLE III (Continued) 



I40DEL COMPONENT: - R5 


GENERAL DESCRIPTION: 


2ii, 3 Rod 3.’» Cnr.ri^^uraticn p'^'r j'.ock\/ell Lin?s 


VL70-000095 


Model ScfJc = .015 



DRAWING NUMBER VI, 70-000095 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - FT2 

106. 3S 

0.024 

Span (equivalent) - IN. 

201.0 

3.015 

Inb'd equivalent chord 

91.5^5 

l."374 

Outb'd equivalent chord 

• 50.833 

0.762 

Ratio fiioyable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

0.400 

0.4C0 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 



Leadi ng Edge 

34. B3 



Tailing Edge 



«2k25 

Hingeline 



Area Moment (Normal to hinge line)- 

526.13 

0.0010 

Product of end Mean Chord 


t 


f 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL CWPONKNT; VERTIC/>L « V 7 

6 Q(ERAL DESCRIPTION J Centerline vcrL'-ral doiibIe>;ed<t» eirfoil v/it/h 

rounded lending edre. 


fCT'C: oome cs ^5. but inth nc.nlpulator housia? rvmoved. 


T'odcl Scale 0.015 


DRAWING NUMBER; VI.70-000139 

DIMENSIONS ; 

TOTAL DATA 

Aira (Theo) Ft^ 

Planfom 
Span (Theo) In 
Aspect Ratio ‘ 

Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.E5 Element Line 
Chords; 

Root (Theo) WP 
Tip (Thso) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edoe Radius 
Void Area - Ft.z 
Blanketed Area 


FULL-SCALE 


425.92 

1.675 

OT3T 


45. coo 
' 2^.~?49~ 

41.X30' 

260.50 

:t08.47 

199.01 

0.00 

10.000 

24, £U.. 

D^oa... 


MODEL SCALE 


0.09563 



45.000 
3:1. ?M 9 


4.02750 

1.&2 705 

2.99715. 

0.00 


1 0.000 

0.030 

-iUO 



' * 
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TABLE III (Continued) 


Kon't CCv.?0:^Cu: VIIMS-W 

6ENER.-V- UrSC%IPTIC;J; '.or.ri-'-.'ratir.n 3 : 

. r*:.: \ V.- , 

. ' .i 

NOVI]: r.s cxcc»r> ciiff, airio:.' tud 

-*:ico ur/’je. 



Model Sc:?.i ^ 

TEST NO. 

DWG, NO. VI.70-C<O]3^ ' 

OIME.NSICNS: 

FULL-SCALE 

MODEL SCALE 

TOTAL PATA 

Arcu (llieo.) Ft^ 
Planforn 

2690.00 

0.605 

Span (Theo In, 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees (ft TE of Eleven) 
Incidence Anc'-'. degrees 
AeiX'dynami c degrees 

Sweep Back Angles, degrees 
Lcadi ng Edge 
Trailing Edge 
0.25 Element Line 

9V-.6B 

1.4^1 6 •!__ 

2.265 

2. 269 

1.177 

1 . 1 V'.-' 

0.2C0 

0. 

3.5CO 

3.9r:^ . 

.. .. O.^r'Q. 

Q.9CG. 

• •>'^■000 

/i^».OCO 

"-10.24 



A5.0CV) 

35.209 - 

35.2<19 

Chords : 

Root (Thao) B. P.0.0, 
Tip, (Thco) B.P, 

MAC 


10.339 

t:o6T““ 

137. C5 


“7 . 122 

Fus. Sta. of .25 MAC 

, '’9 , 

17.051 

. W.P. of .25 MAC 

299. 20_ 

4.488 

B.L.T of ,25 MAC . 

.162.13 

1 . 7 3^ 

EW'^ED DA^ 2 

AreaT'hso) Ft 
Span, (Theo) In, BP108 
Aspect. Ratio 
Taper Ratio 

1752.29 

0.394 

720.6S 

10.810 

2.050 

2.0:S*» 

' o,:^5i 



Chords 

Root BP108 
Tip 1.00 b 

7 

KAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b ** 

7 

Tip b » 

7 ' 

Data for (1) of (2) Sides 
Lccciino E(i.'C Cuff p 
PlanU'vm Ft^ 

Leading t'dge Intersects Fus M, L. 0 Sta 
Leading u'.go Interscc^ib Wing 0 Sta 


562.40 

ZnZ3EI 

393.03 

U»5.31 

:ol.Y6 


0.10 

0.12 


. y.ivL 


8.436 

2.068 

5.896 

Trrrw 




XT76 


0.10 


0,12 








tLm 




24 



c 


TABLE III (Concluded) 
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MODEL C(»!PONEHT: BOUNDARY LAYER TRANSITKW STRIP - Xgo 


GENERAL DESCRIPTION: Glass beads located on model surface. 


MODEL SCALE: O.OI^ ' 

DIMEKSIONS: MODEL SCALE 

Wing, Tall, and Nacelle : 

Width. In. 0»0625 

Distance aft of leading edge, 

inches streamvlse 0.6 

Nominal heigh'c, In. 0.002^ 

Body Nose : 

Width, In. 0-0625 

Distance aft of leading edge, 

inches streamwise 0.123 

Nominal height, inches 0.0023 


25 ' 
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a. J59 Baseline ABPS Configuration. 



b. 059 Baseline ABPS Configuration. 



c* VMng ABPS Moved Aft. 

Figure 3 . - Model Installation Photographs. 
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d. Flush ABPS Configuration. 



e. Jg^ Flush ABPS Configuration. 



f. J61 Flush ABPS Configuration. 


Figure 3. - Concluded. 
31 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 6 L8N61TU0IMAL CHARACTERISTICS WITH PYLON MOUNTEO NACELLES 










FI6. 6 LONGITUDINAL CHARACTERISTICS WITH PYLON MOUNTED NACELLES 
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LONGITUDINAL CHARACTERISTICS WITH PYLON MOUNTED NACELLES 
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F 16 . 6 LaNGITUOIttU. CHARACTERISTICS WITH PYLON MOUNTED NACELLES 



PITCHING MOMENT COEFFICIENT, CLM 

FIG, 6 LONGITUDINAL CHARACTERISTICS WITH PYLON MOUNTED NACELLES 









AN6LE OF ATTACK. ALPHA, DEGREES 

FIS. 6 L8M6ITUDHW. 0«RACTERISTICS iiTH PYLON NOUNTEO NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 7 LONGITUCINAL CHARACTERISTICS KITH PYLON MOUNTED NACE 















ANGLE OF A" ACK. ALPHA. DEGREES 

FIG. 7 LONGITUDINAL CHARACTERISTICS KITH PYLON MOUNTED NACELLES MOVED AFT 
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PITCHING MOMENT COEFFICIENT. CLM 

FIG. 7 LONGITUDINAL CHARACTERISTICS WITH PYLON MOUNTED NACELLES MOVED AFT 
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FOREBOOY DRAG COEFFICIENT. COF 

FIG. 7 LONGITUDINAL CHARACTERISTICS WITH PYLON MOUNTED NACELLES MOVED AFT 
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ANGLE OF ATTACK. ALPHA. DEGREES 

flO. 8 LaNGITUOINAL CHARACTERISTICS KITH FLUSH MOUNTED NACELLES 
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ANSLE OF ATTACK. ALPHA. DEGREES 

FIG. 8 LONGITUDINAL CHARACTERISTICS WITH FLUSH MOUNTED NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 

LONGITUDINAL CHARACTERISTICS WITH FLUSH MOUNTED NACELLES 






PITCHING MOMENT COEFFICIENT. CLM 

FIG. 8 longitudinal CHARACTERISTICS WITH FLUSH MOUNTED NACELLES 
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FOREBOOr QRAG COEFFICIENT. CDF 

FIG. 8 LONGITUDINAL CHARACTERISTICS WITIt FLUSH MOUNTED NACELL'S 






<GLE OF ATTACK. ALPHA. DEGREES 

ACTERISTICS WITH FLUSH MOUNTED NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 

fIG. 9 LONGITUDINAL CHARACTERISTICS KITH OUT NACELLES 




ANGLE SF ATTACK. ALPHA. OEGREES 

FIG. 9 L0MGITIIO1NAL CHARACTERISTICS WITH OUT NACELLES 







ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 9 LONGITUDINAL CHARACTERISTICS KITH OUT NACELLES 




ANGLE OF ATTACK. ALPHA. DEGREES 
F!6. 9 LONGITUDINAL characteristics KITH OUT NACELLES 





ANGLE OF ATTACK. ALPHA. DEGREES 

LONGITUDINAL CHARACTERISTICS WITH OUT NACELLES 
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FIG. 9 LeNGITUOINAL CHARACTERISTICS WITH OUT NACELLES 




PITCHING MOMENT COEFFICIENT. CLM 

FIG. 9 LONGITUDINAL CHARACTERISTICS KITL OUT NACELLES 
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ANGLE OF ATTACK* ALPHA, DEGREES 

FIG. 9 LONGITUDINAL CHARACTERISTICS WITH OUT NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 10 ELEVON EFFECTIVENESS WITH PYLON MOUNTED NACELLES 

CA5MACH - .70 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 10 FLFVON EFFECTIVENESS WITH PYLON MOUNTED NACELLES 




PITCHING MOMENT COEFFICIENT. CLM 

FIG. 10 ELEVON EFFECTIVENESS WITH PYLON MOUNTED NACELLES 

(A)MACH = .70 











F0RE90DY DRAG COEFFICIENT. COF 

FIG. 10 ELEVflN EFFECTIVENESS VITH PYLON MOUNTED NACELLES 

CAJMACH s .70 



ANGLE OF ATTACK. ALPHA. DEGREES 

ELEVON EFFECTIVENESS WITH PYLON MOUNTED NACELLES 











ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 10 ELEVON EFFECTIVENESS WITH PYLON MOUNTED NACELLES 

CADMACH s .70 





















ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. U ClEVON effectiveness WITH PYLON MOUNTED NACELLES MOVED AFT 

(A)MACH = .70 PAGE 
















FIG. 11 ELEV0N EFFECTIVENESS WITH PYLON MOUNTED NACELLES MOVED AFT 

(A)MACH = .70 PAGE 
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ANSLE OF ATTACK. ALPHA. DEGREES 

FIG. 12 ELEVON EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 

(83MACH * .69 











ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 12 ELEVON EFFECTIVENESS VITH FLUSH MOUNTED NACELLES 

(A)MACH = .50 








ANGLE OF attack. ALPHA. DEGREES 

FI6. 12 ELEYON EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 

(A)MACH = .50 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FiG. 12 ELEVON EFFECTIVENESS WITH FLUSH HOUNTED NACELLES 

C33MACH = .69 
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ANGLE OF ATTACK, ALPHA. DEGREES 

FIG. 12 ELEVON EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 

CBJMACH = .69 
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PITCHING MOMENT COEFFICIENT. CLM 

FIG. 12 ELEVON EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 

(A)MACH ® ,50 page 100 
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PITCHING MCMr.NT COEFFICIENT. CLM 

fl6. 12. EIEV0N EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 
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PITCHING MOMENT COEFFICIENT. CLM 

FIG. 12 ELEVON EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 

(B3MACH = .69 
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FOREBODY DRAG COEFFICIENT. CDF 

FIG. I2 ELEV0N EFFECTIVENESS WITH FLUSH MOUNTED NACELLES 

(B)MACH = .69 
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,E OF ATTACK. ALPHA. DEGREES 

) WITH FLUSH MOUNTED NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 13 ELEVON EFFECTIVENESS WITHOUT NACELLES 

(A) MACH = .70 







ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. !3 ELEVON EFFECTIVENESS WITHOUT NACELLES 

CAIMACH = .70 PAGE 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. !3 ELEVON EFFECTIVENESS WITHOUT NACELLES 

CA)MACH * .70 







ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 13 ELEVON EFFECTIVEICSS WITHOUT NACELLES 

(A)MACH = .70 







Ar»GUE OF ATTACK. ALPHA. DEGREES 

FIG. 13 ELEVON EFFECTIVENESS WITHOUT NACELLES 

CA)MACH = .70 
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ANGLE OF ATTACK. ALPHA. DEGREES 

EFFECTIVENESS VITKOUT NACELLES 











ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 14 LATERAL-DIRECTIONAL CHARACTERISTICS WITH PYLON MOUNTED NACELLES 

(A)MACH s .50 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. M LATERAL-DIRECTIONAL CHARACTERISTICS KITH PYLON MOUNTED NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FJ6. 15 LATERAL'OfRECTIONAL CHARACTERISTICS WITH FLUSH MOUNTEI 

(A)MACH s .50 







i 

\ 

t 

I 

i 


f 


lE 

i 

\ 



• (/) 'X' </> iP 


~ g£££££ 

P jtjf^o^cSi. ' 


r^ *r !/■» 


u 

I- 

W U.U.U. 
SL ‘ 





SR 

g xx 

ipu) 


a >> 

a Mf\ 


yj bo 

j.2> 

6 *^ix> 

“ 5?iS 

o 

u ffiS 

u 55 
55 


f 03 


m 




S',’? 





CSIXV A008) 


CO 

UJ Ul 

d 

y 

z 



I UN 3 I 3 IJJ 303 IN 3 W 0 W ONmOM 


1 


i 


I 













I^ORMaT 



ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 16 LATERAL-DIRECT lONAL CHARACTERISTICS WITHOUT NACELLES 
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ANGLE OF ATTACK. ALPHA. DEGREES 
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